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A perturbation analysis is made for the simultaneous heat and mass 
transfer in unconfined geothermal reservoirs with dike intrusion. The 
perturbation equations are of elliptic type that can be solved 
numerically by the finite difference method. Up to the second-order 
approximations are retained in the numerical computation. The effects 
of dike intrusion on streamlines, temperature distribution, and the 



























LIST OF SYMBOLS 
.. 
o .:: psKghl a}l 
function denoting the position of water table 
gravi ty vector 
depth of the reservoi r at the ocean sides 
thermal conductivity of the porous medium 
permeability of the porous medium 
the width of the reservoir 
the dimensionless width of the reservoir, L .:: 1,/h 
dummy index in Eq. (10) 
unit vector normal to water table 
pressure 
dimensionless pressure, P .:: (p-Pa) I ps9h 
zero-order and first-order perturbation functions 
for pressure 
temperature 
temperature of the dike 
prescribed temperature of the impermeable surface 
'" velocity components in the x and y directions 
Cartesian coordinate system 
dimensionless coordinates 
equivalent thermal diffusivity, a .:: km/(pCp)f 
thermal expansion coefficient 
perturbation parameter, E .:: a (Tc-Ts) 
the height of water table 







zero-order and first-order perturbation functions 
for the height of water table 
di.mensionless temperature, a = (T-Ts ) / (Tc-Ts) 
zero-order, first-order and second-order perturbation 
functions for temperature 
prescribed dimensionless temperature of the dike 
prescribed dimensionless temperature of the impermeable 
surface 
viscosity of convecting fluid 
density of convecting fluid 
stream functi on . 
dimensionless stream function, 7 = ~~/psghK 
first-order and second-order dimensionless stream 
functi ons 
atmospheri c conditi on 
condition in the ocean 
iii 
Fi g. lA 
Fi g. lB 
Fig. 2 
Fi g. 3 
Fi g. 4 
Fi g. 5. 
Fi g. 6 
Fi g. 7A 
Fi g. 7B 
Fig. 8A 
Fig. 8B 
Fi g. 9 
LIST OF FIGURES 
An Unconfined Aquifer in a Volcanic Island with Dike 
lntrus i on 
Idealized Model of a Geothermal Reservoir with Dike 
I ntrus ; on 
Effects of Vertical & Horizontal Heating on Streamlines 
in Unconfined Geothermal Reservoirs . 
Effects of Vertical & Horizontal Heating on Temperature 
Contours in an Unconfined Geothermal Reservoir 
Horizontal Temperature Distribution for Cases A, B & C 
Vertical Velocity Profiles at Y = 0.4 for Cases A, B & C 
Effects of Heat Sources on the Upwelling of Water Table 
for Cases A, B & C 
Convective Pattern for Case D 
Convective Pattern for Case E 
Temperature Contours for Case D 
Temperature Contours for Case E 
Effects of Heat Sources on the Upwelling of Water Table 
for Cases D & E 
iv 
INTRODUCTION 
Magmatic intrusion occurs frequently in the shallow parts of the earth1s 
crust in some parts of the world where there are intense tectonic activities. 
The intruded magma then acts as a heat source which in turn heats the ground-
water in the aquifer directly or indirectly. The heated groundwater is 
driven buoyantly upward to the top of the aquifer where it can then be tapped 
for power generation through drill holes. A qualitative assessment of the 
capacity and location of geothermal resources can sometimes be made from the 
observation of temperature anomaly in a rock formation or heat flux anomaly 
on the earth1s surface. A thorough understanding of heat transfer characteris-
tics in the earth1s crust thus will aid in a correct interpretation of field 
data during geophysical exploration. 
The intrusive magma may take many different forms or sizes. A sheet-
like intrusive body is called a dike or a sill depending upon whether it is 
perpendicular or parallel to the stratification in the bedded rocks. On the 
basis of the heat conduction theory, Horai [1] has recently completed a 
study to relate surface heat flux to the parameters specifying the intrusion 
such as magmatic temperature, geometry, and dimensions of the intrusive 
body. However, recent studies [2-4] suggest that the convection of ground 
water plays an important role on the heat transfer characteristics in 
geothermal areas. Thus, in the present paper, we shall study the effects 
of dike intrusion on the temperature distribution in an island aquifer 
(Fig. lA) taking into account the movement of ground water. To simplify 
the problem, the dike is idealized as a vertical impermeable rectangular 
obstacle while the island aquifer is idealized as a two-dimensional homogeneous 
and isotropic porous medium bounded vertically by ocean on the sides, with 
horizontal impermeable surface at the bottom, and unconfined at the top where 
the position of water table is not known apriori (Fig. 1B). The governing 
non-linear partial differential equations for the simultaneous heat and 
mass transfer in the porous medium are approximated by a set of linear 
subproblems on the basis of a perturbation method [2] which is applicable 
for reservoirs with low permeability. Up to the second-order approximations 
are retained in the numerical computation. Contours for streamlines and 
temperature distribution, as well as the amount of the upwelling of water 
table as a result of dike intrusion for a particular set of parameters are 
presented. 
Governing Equations and Boundary Conditions 
The governing equations for the simultaneous heat and mass transfer in 
a porous medium are the continuity equation, Darcy's law, energy equation, 
and equation of state. To simplify the formulation of the problem, we assume 
that: 
1. The flow field is steady and two-dimensional. 
2. There is no rainfall at the water table. 
3. The temperature of the fluid, T, is everywhere below boiling 
for the pressure, p, at that depth. 
4. The fluid properties such as specific heat, C, and the kinematic 
viscosity, ~, as well as the medium properties such as thermal 
conductivity, km, and permeability, k, are all constant. 
5. Density, p, is linearly proportional to temperature, i.e., 
p = Ps [l-B(T-Ts )] where B is the thermal expansion coefficient 
and the subscript "s" denoting the condition in the ocean. 
6. Boussinesq approximation is employed, i.e., density is assumed 
to be constant except in the bouyancy force term. 
With these assumptions it can be shown that the governing equations in terms 
of dimensionless pressure, P, and temperature, 8, are [2J 
where 
::~ + :~~ + 0 1 [~~ ~~ + ~~ ~~} [1 - Ee] ~~ ( = a • 
T-T 
8 - s = T - T ' c s 




with hand i denoting the depth and the width of the aquifer, g the 
gravitational acceleration, and a = (P~)f the equivalent thermal diffusivity. 
The subscript "C" denotes some reference temperature. 
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The dimensionless boundary conditions along the ocean are 
P (0, Y) = 1 - Y , 
P (L, Y) = 1 - Y , 
S (0, Y) = 0 , 





where Eqs. (4a) and (4b) denote hydrostatic pressure and (4c) and (4d) denote 
constant temperature along the ocean sides. 
Along the water table Y = n , the dimensionless boundary conditions are 
given by 
P (X, n) = 0 , , (5a) , 
S (X, n) = Sa ' (5b) 
, 'ali' ap . - '(ap - ) _ ax ax (X, n) - av (X, n) + 1 - ESa - 0 , (5c) 
where n = *' and Sa = (Ta-Ts)/{Tc-Ts) with Ta denoting the atmospheric 
temperature. It is worth mentioning that boundary condition (5c) follows from 
the conditions ven = 0 where n is the unit vector normal to the water table 
which is given by n = VF/lvFI with F(X,V) = V-n(X) = 0 denoting the equation 
for the positioD of the water table [2]. 
" .... . .. 
If a vertical impermeable dike with uniform temperature Td exists 
(Fig. '18), the dimensionless boundary conditions along the dike are 
ap ap 






where ad ~ (Td-Ts)/(Tc-Ts). It should be noted that Eqs. (6c) and (6d) 
follow from Darcy's law and the fact that velocity normal to the surface of 
the dike vanishes. Similarly, if temperature on the rest of the horizontal 
impermeable surface is prescribed, the boundary conditions are given by 
(7a) 
, (7b) 
Eqs. (1) and (2) with boundary conditions (4)-(7) are a set of non-linear 
partial differential equations with non-linear boundary conditions for the 
determination of pressure and temperature in a hot-water aquifer with a 
vertical dike. 
After e is obtained, the dimensionless stream function $ ~·P'hK 
psg 
can be determined from 
where Eq. (8) is obtained from the elimination of pressure in Darcy's 
and from the definition of the stream function, i.e., u = ~~ and v = 
The boundary conditions for $ along the ocean are given by 
.~ ( ) -~ ( )-ax 0, Y - ax l, Y - 0 , 
(8) 
(9a) 
i.e., the vertical velocity is zero along the ocean implying that alex) = 0 
as X~O & X~l. Along the water table, the impermeable surface, and on the 
dike,' the boundary condition for $ is 
$ = O. (9b) 
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Perturbation Analysis 
Since the value of E in Eqs.(6)-(8) is small, we shall now obtain a 
perturbation solution to the problem. For this purpose, we now assume that 
dependent variables be expanded in a power series of E. Thus, we have 
()() 







where Pm(X,Y), 8m(X,Y), ~m(X,y) and nm(X) are perturbation functions to be 
determined. Substituting Eq. (10) into Eqs. (1)-(9), making a Taylor's 
series expans"ion on boundary conditions (5) and (9c), and collecting terms 
of like power in E, we have the following set of subproblems. 
Zero-Order Approximations 
The zero-order problem for 8 is given by 
(11) 
with boundary conditions given by 
80 (0, Y) = 80 (L, Y) = 0 , (12a) 
(l2b) 





The first-order problem for P is given by 
(13) 
where the right hand side of Eq. (13) is known from the zero-order problem. 
The boundary conditions for Pl are given by 





Once P1 is determined, n,(X) is obtained from 
n, (X) = P 1 ( X, 1) • (15) 
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The first-order approximation for 6 is 
with boundary conditions given by 
6,(0, Y) = 6,(L, Y) = 0 
6, (X, 0) = 0 , 
a60 6, (X, 1) = -P, (X, 1) W- (X, 1) , 
The first-order approximation for ljJ is given by 
with boundary conditions given by 
aljJ, 
= ax- (L, Y) = 0 
= ljJl (x, 0) = 0 












Second-order term for pressure is given by 
with boundary conditions given by 
P2 (0, V) = P2 (L, V) = 0 , 
aP2 av- (X, 0) = 0 , 
2 2 
aP2 [aPl J aPl av- (X, 1) = ax (X, 1) -:::2 (X, 1) P, (X, 1) 
av 
The second-order term for temperature is given by 
2 2 a °2 a °2 _ [ap, aOl aPl aO l aP 2 aeo 
~ + -2- - -0 ax ax + av- av- + ax ax ax av 
with boundary conditions given by 
°2 (0, V) = °2 (L, V) = 0 , 











where nl is given by Eq. (15) and 
The second-order approximation for ~2 is given by 
with boundary conditions given by 
~2 (X, 0) = 0 . 
a~l 











The governing equations for ~he zero-, first-, and second-order problems 
as given by Eqs. (11), (13), (16), (18), (20), (22), and (24) are either the 
Laplace equation or Poisson equation with nonhomogeneous boundary conditions, 
which could have been solved in closed form by a separation of variables. Since 
the numerical evaluation of the resultant expressions in terms of many double 
and triple Fourier series will be very costly, we therefore resort to the 
numerical solution of the problem by the finite difference method. 
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NUMERICAL COMPUTATION AND RESULTS 
The laplace operators in Eqs. (11), (13), (16), (18), (20), (22), and 
(24) are approximated by the standard five-point formula of the finite 
difference method, while the derivatives in the boundary conditions for 
these equations are approximated by the central difference scheme. Computa-
tions begin with the determination of 80 , and in the order of Pl , 81, ~l' 
P2, 82, and ~2 so that the derivatives in the nonhomogeneous terms of the 
equations for each subproblem is solved numerically by the Gauss-seidel 
iteration method. Computations were carried out up to the second-order 
approximation for D = 500 (upper bound for which the perturbation method is 
valid) with l = 4, E = 0.1, and 8a = 0.02 for the following five cases with 
different prescribed temperatures of 8d and 8l . 
Case A. One vertical heat source. For the problem of geothermal heating 
due to a hot dike 0.5 unit in height and 2 units in width located at the 
center of the aquifer with a cold impermeable surface at the bottom, the 
prescribed temperatures are 
1 • 9<X<2. 1 and O<Y<O. 5 
0<X<1.9 and 2.1<X<4. -- --
Case B. One horizontal heat source. For comparison, computations were 
also carried out for a geothermal reservoir without a dike, but with geothermal 
heating from the bottom impermeable surface having the following prescribed 
temperature 
[-(OX-. 25)2l • 8l (X) = exp J 
Case C. Combined vertical and horizontal heat sources. Heating in this 
case is due to the combination of a vertical dike located at the center of 
the reservoir as in Case A, and the hot impermeable surface as in Case B. The 
prescribed temperatures for the heat sources are 
8 - 1 d - 1.9<X<2.l and 0<Y<0.5 
r_(OX-. 25)2J ' . 8l (X) = exp L 0<X<1.9 and 2.l<X<4.0 
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Case D. Two vertical heat sources. Computations were also carried out 
for two hot dikes at the same temperature with a cold impermeable bottom surface. 
The two dikes are of the same thickness (2 units in width) but with different 
heights where the left dike (at 1.4<X<1.5) is 0.6 unit in height while the right 
dike (at 2.5<X<2.6) is 0.3 unit in height. The prescribed temperatures are 
with a = 0 L 
ad = 1 , for 1~4<X<1.5 and 0<Y<0.6 
ad = 1 , for 2~5<X<2.6 andO<Y<0.3 
elsewhere on the bottom impermeable surface. 
·CaseE. Two horizontal heat sources. Computations for this case were 
carried out so that results can be compared with Case D. There .are no dikes 
existing in Case E and the heating is due to the hot bottom impermeable surface 
with two relatively maximum temperatures located at X = 1.45 and X = 2.55 
corresponding to the locations of the dikes in Case D. The prescribed tempera-
tures are 
9l = exp [-(XO~545)J 




Results of Cases A, B, and C are plotted in Figs. 2-6. Both the flow 
pattern and temperature contours are symmetric with respect to X = 2. For 
clarity, however, only W = 0.001 and W = 0.0004 are plotted in either side of 
the aquifer as shown in Fig. 2. ~he streamlines for the three cases exhibit 
similar' behavior with cold water moving inland in the lower portion of the 
island aquifer and warm water discharging into the ocean in the upper portion 
of the aquifer. Near the heat sources, a column of hot fluid rises rapidly 
which induces two convective cells on either side of the heat sources. When a 
hot dike exists in the reservoir, the heat source becomes relatively close to 
the water table. This, plus the fact that the dike provides a larger area for 
heat transfer,makes it a possibility that hot water can be found at shallow 
depths, as is shown in Fig. 3. The horizontal temperature distributions at 
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Y = 0.2 and Y = 0.4 for Cases A, B, and C are plotted in Fig. 4, where it is 
shown that the rate of change in temperature is rapid at the .region near 
the heat source. This boundary layer behavior in temperature distribution ;s 
most pronounced for Case A. It is of interest to note that the vertical 
velocity distribution (Fig. 5) has the same shape as the temperature 
distribution (Fig. 4), and that "velocity slip" occurs on the impermeable 
surface. The effects of vertical and horizontal heating on the amount of 
upwelling of water table are shown in Fig. 6 -- it can be seen here that 
upwelling of water table increases if a hot dike exists. 
Results of Cases 0 and E are plotted in Figs. 7-9. The streamlines for 
Cases 0 and E are shown in Figs. 7a and 7b, where it is noted that the 
convective pattern in the region left of X = 1.55 (i.e., at the point of 
maximum heating) for both cases are similar qualitatively. In both of these 
cases, a column of hot fluid near X = 1.55 rises all the way up to the top 
of the water table and then moves either to the right or left and discharges 
into the ocean. Consequently, cold water entering from the left of the aquifer 
does not mix with those from the right, and vise versa. A comparison of 
Figs. 7a and 7b shows that the convective pattern in the region to the right 
of X = 1.55 is different for Cases 0 and E. Of particular interest is the 
region between the two dikes in Fig. 7a. It is noted that, although the dikes 
are only 0.6 and 0.3 units in height, they act as a complete barrier for the 
movement of ground water, thus sealing off the seepaqe from the ocean. On 
the other hand, without a dike at X = 2.55, groundvJater moves freely as is 
shown in Fig. 7b. Figs. 8 and 9 show the temperature contours and the 
upwelling of water table for Cases 0 and E. Again, it is shown that warm 
water at shallow depth is possible and that the amount of upwelling of water 
table increases, whenever there is a dike. 
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Concluding Remarks 
The present perturbati on method is val i d on ly for small e:: as we 11 as for 
small and moderate values of D which is applicable to reservoirs with low 
permeability. For extremely large values of D, the solution will break down 
in the regi on near the heat source as well as directly above the heat source 
where convection is predominant. Thus for reservoirs with high permeability 
the method of matched asymptotic solution (5) must be used. The senior 
author (P. Cheng) is presently working on this singular perturbation 
problem. 
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Fig. 2 EFFECTS OF VERTICAL AND HORIZONTAL HEATING ON STREAMLINES 
IN UNCONFINED GEOTHERMAL RESERVOIRS 
1.0 
I 
~ Y 0.5 ~ 
o 
-...-~----- -----~--






Fig. 3 EFFECTS OF VERTICAL AND HORIZONTAL HEATING ON TEMPERATURE 
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APPENDIX: COMPUTER PROGRAMS 
BY W-2500 FOKTRAN IV, REV. 6 
THIS PROG~AH ITERATES THE TEMPERATURE ZERO-ORDER SOLUTION 
WITH A VERTICAL SJURCE 
OPEN AND CREATE ARE ~ESTINGHOUSE FILE MANAGEMENT SYSTEM ROUTINES 
WHEN USING STANDARD FORTRAN COMPILER, FOR EXAMPLE, IBM FORTRAN G 
THIS IS TO ·BE DONE BY DD STATEMENT (SEE ~Cl LANGUAGE), HOWEVER, 
LOGICAL UNIT NUMBER SHJULO BE CHANGED TO T~O DIGITS NUMBER. 
EXAMPLE: UNIT NUMBER 100 I~ wESTINGHOUSE SHOULD BE (HANGED TO 10 



























" -T,·-'- -.. -
READ ( II N, 3) XLI, XK 1, XL2, XK2 - --- -.---~ ------------- -- ----
REAO(lIN,3)fl,f2 
DO 10 1=1," 
DO· 10 J= 1 ,N 
IF(I.LE.KX52.AND.I.GE.KXSl)GO TO 11 
IF(I.lE.LXS2.ANO.I.GE.LXSl)GO TO 12 
T{I,J)=O. - .. 
GO TO 10 
IFCJ.GTeKYS)GO TO 13 
GO TO 14 







I 0057: " 0058: 
0059: 
I 0060: 00&1: 






















DO 18 1=1, M 
IF(I.LE.KXS2.ANO$I.GE.KXSl)GO TO 18 
IFCI.lE.lXS2.ANO.l.GE.lXS11GO TO 18 
IF(X.GT.XMO)GO TO 16 
XKl=«X-Xll)/X~1}~*2 
GO TO 11 
XKl=«X-Xl2)/XK2)**2 
IFtXKl.GT.9.)GO TO 19 
T(I,I)=l./EXP(XKl) 
IFlX.GT.XHO)GO TO 24 
T(I,I)=T(I,ll*Fl 
GO TO 18 
T( 1, U =F2.*T C 1,1 ) 
GO TO IS 
T(I,I)=O. 
X=X+OH 





fORMATC2X,1IFl1.3) I 0077 
0078 
--0079 C - -PERFORM ITERATION 


































00 50 1 =2,H 1 
00 SO J=2,Nl 
IF(I.lE.KXS2.ANO.I.GE.KXSl)GO TO 52 
IF(I.GT.LXS2.0R.I.lT.LXSl)GO TO 51 
IF(J.GT.lYS)GO TO 51 
GO TO 50 
IF(J.GT.KYS)GO TO 51 









00 If =DMA X/F MA X 
- ,. 
TEST FOR ACCURACY If REACHED GO TO NEXT, ELSE GO TO ITERATION 
IF(DDIF.GT.DERRl GO TO 60 
WRITE(IOUT,152) ITER,FMAX,DHAX.OOIF 
fORMAt(·l·,ICONVERGENC~ ON ITERATION ',I3,2X, 'fUNCTIONAL ~AXIMUM 
C ',flO.31 2X, 'ABS MAXIHU1 OlFfEREijCE', F6.3,2X, ipERCENTAGE DIFfE 







0113: I-0114: 1010 
0115: 





CRENCE ., Fb .. 4) 
WRITE([OUT,153)XK,Xl 
FORMAT( '0'. 'TEr~PERATiJRE 0 WITH XI\=', F4.2, ' AND XL:::' ,F4 .. 21/) 
PI R 1 T E ( I OUT, 151 ) ( ( T ( I , J) , J:.:: 1 , ti} t I ::: 1 • M ) 
CALL CREATE (100, 'THlOFIlE') 





. -- .. " .. -.-_ ... "'- "- - -_ ... ,_._--. .... _--- -_.,--._------, ~"--
" 













I 0013: 0014: 1 
0015: 
I 0016: 









0024 : 5 
0025: 































THIS PROGRAM CALCULATES THE PARTIAL DERIVATIVES OF TO 
CONVECTION WITH VERTICAL HEAT SOURCE 
CAll OPEN (100,'TEHOFIlE" 
DO 999 I = 1 , H -. ~. - -,. .. . .. -_. - - -.. _-- 'P-." ••• - ........ ,. ¥-- .... -~ - ----... _ .. ,--'-_.- .----. . ... -- ... ---.-. --.... -."---
REAO(lOO)(T(I,J),J=l,~) 
WRITECIO,l) 
















____ , .. _.4 __ .... _ ... __ , •• "e_ • _, •••••••• _ • "_. ___ n __ o ___ • __ • _____ • ___________ ~ _____ ._ 
fiND O(TO)/DY 
DO 50 1=1,M 
DO 50 J=l,N 
If(I.GT.KXS1.AND.I.LT.~XS2)GO TO 53 
IFCl.GT.LXSl.ANO.I.lT.LXS2)GO TO 54 
IF(J.EQ.l)GO TO 51 
IF(J.EQ.N)GO TO 52 
TYCI.J)=O.5*(T(I,J+l)-TCl,J-1»/DH 
GO TO 50 
TY(I,J)=(TCI,J+Il-T(l,J»)/OH 
GO TO 50 
TY(I,J)=(TCI,J)-T(l,J-l»)/DH 
GO TO 50 
IF(J.GT.KYS'GO TO 56 
IF(J.EQ.KYS)GO TO 51 
TYCl,J'=O. 
GO TO 50 
IF(J.GT.LYS)GO TO 56 





COMPILED BY W-2500 FORTRAN IV, REV. 6 
0055: 4 FORMAT('l',' THE VALUES OF O(TO}/DY'III) 
1 0056: CAll CREATE (100, 'TODYFIlE') 0057: 00 60 1:1,M 
0058_: W R 1 T E ( 100) ( T Y ( 1 t J) ,J ~ 1 t N ) 
I 0059: 60 CONT INUE DObO: WRITE(IO,2)«T'f(I,J),J=l,Nl,I=1,M) 
0061: Ml=H-l 
I 0062: 00 70 J=I,N 10063: TY(1,J)=O.5*(4.*T(2,J)-3.*T(1,J)-T(3,J»/OH 
--0064: TY'M,J)=0.5¢(3.0'(K,J)-4. 0 TCMl ,J)+T(H-2,J»/OH 
0065: 00 70 I=2,Hl 
0066: IFCI.GE.KXS1.ANO.I.lE.KXS2)GO TO 71 
00b7: IFCI.GE.LXSl.AND.I.LE.LX52)GO TO 72 
0068: 73 TY(I,J)=0.5 0 'T(I+l,J)-T(1-1,J»/OH 
I 0009: GO TO 70 -0070: 71 IF(J.GE.KYS)GO TO 73 
0071: IF(I.EQ.KXSl)GO TO 74 
1
0072: IF( I.Ef.I.KXS2)GO TO 75 
-0073: TY(I,J)=O. 
0074: GO To 70 
0075: 74 TY ( I ,J) = ( T ( 1 ,J ) - T( I-I, J ) ) 10 H 
l-0016: - ----- GO TO 10 
0077: 75 TVCI,JJ=(T(I+l,J)-TCI,J»/OH 
0078: GO TO 70 
1
-0079: 72 --- IF(J.GE.lYS)GO TO 73 
0080: IFlI.EQ.LX52'GO TO 75 
0081: IF(I.EQ.lXSllGO Tu 14 
-0082~ - -- TV' I ,J)=O.-
0083: 70 CONTINUE 
0084: CALL CREATECIOO,'TOOXFILE') 
-0085:----00 80 l=l,H ..-------- ---------.---- ,----~----
0080: WRITE(lOO)(TY(I,J),J=l,N) 
0087: 80 CONTINUE 
-0088: WRITE(10,3) 
0089: 3 FORMAT"l THE VALUES OF OCTO)/OX'III) 
0090: WRITE( 10 ,2) ((TY( I,J) tJ=1,N, IZ), 1=1,11. Il) 
·0091:-
0092: 
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THIS PROGRAM ITERATES THE PRESSURE FIRST-ORDER SOLUTION 
WITH A VERTICAL SOURCE 
SEE TEMPERATURE ZEROTH ORDER PROGRAM FOR INFORMATION ABOUT 



























.. FORMAT('O','THE VERTICAL SOURCE IS AT: Y (',F5.1," ,·,F5.1,· < x· 
1 " (',F5.1) 
CALL OPEN(lOS,'TEMOFllE') 










DO 20 1=2,tU 
DO 20 J=1,N 
TEKP=P(ItJ)·--- .. -------- ------- .. - - ---.-.----
IF( I.GE.KXSl.ANDeI.lE.KX$ZlG_O TO 2~1 























GO TO 21 
If(J.GT.KYS)GO TO 21 
IF(I.EQ.KXSl)GO TO 22 
D53 : 
)54 : 
IF(I.EQ.KXS2)GO TO 23 
(,0 TO 28 
32 
1--0055 202 IF(J.GT.LYS)GO TO 21 
0056 IF(I.EQ.lXSIlGD TO 22 
I 0057 IF(I.EQ.lXS2)Gu TO 23 -0058 GO TO 28 
0059 22 If(J.EQ.KYS)GO TO 24 
0060 IfIJ.EQ.l)GO TO 31 
~ 0061: P(1,J)=2.~p(I-r,J).p(I,J+l)+P(I,J-1)-DHSQ*TY(I,J) 
0062: GO TO 30 
OO~3: 31 P(I,J)=2.~P(1-1,J)+2.~P(I,J+IJ-2.~DH~T(I)-DHSQ~TY(I,JJ 
t- 0064: GO TO 30 _ 0065: 24 PCI,J)=2.~P(1-1,JJ+2.*P(I,J+l)-2.~DH-DHSQ *TY(I,J) 
0066: GO TO 30 
,--0061: 23 If(J.EQ.KYSlGO TO 27 
0068: IF(J.EQ.l)GO TO 32 
0069: P(I.J)=2.*P(I+l.J)+P(I,J+l)+P(I,J-lJ-DHSQ *TY(I,J) 
0070: GO TO 30-
0071· 32 PCI,J)=2.~P'I+l,J)+2.*PCl,J+l)-2.~OH*T(1)-DHSQ*TY(1,JJ 
0072 GO TO 30 
---0073 27 P(I,JJ=2.*P(1+1,J)+2.*P(I,J+IJ-2.*DH-DHSQ *TYCI,J) 
I 0074 GO TO 30 0015 28 If(J.NE.KYS)GO TO 20 
- 0076 P(I,JJ=2.*P(I,J+l)-2.C:OH+P(I-l,J)+P(1+l,J)-OHSQ *TY(I,J) 
I ooi7 GO TO 30 
I 0078: 21 If(J.EQ.l)GO TO 25 
---0079: IF(J.EQ.N)(iO TJ 26 
0080: P(I,JJ=P(I+l,J)+P(I-l,J)+P(I,J-l)+P(I,J+lJ-OHSQ *TI(I,J) 
0081: GO TO 30 
-0082: 25 PCl,l)=P(I+l,IJ+P(I-l,l'+2.*P(I,2)-2.*OH*TCI)-OHSQ *TY(I,l) 
0083: GO TO 30 - . 
0084: 26 P(I,N)=P(I+l,N)+P(1-I,N)+2.~PCI,Nl)+2.*OH*0.02-0HSQ *TY(l,N) 
--0085: 30 PCI,J)=0.25*p(I,J) -
0086: DABV=ABS(P(I,J)-TEMP) 
0081: OfAB=ABS(P(I,J) 
--0088 :--- ----- IF (DABV .GT .OMAX )OMAX=OABV -.-! .... -.. -... -... ~- .. ,. 
0089: IF(DFAB.GT.FHA~)F~AX=DfAB 
0090: 20 CONTINUE 
-- 0091: --- ---- OABV=OMAX/FMAX 
0092: ITER=ITER+l 
0093 IF(OABV.GT.OERR)GO TO 15 
-0094 WRITE(IO,S) 
0095 5 fORMAT('l',' THE PRESURE FUNCTION - Pl'lll) 
0096 00 50 l=l,K 
-0097 50 WRITEIIO,6)(P(1,J),J=l,N) 
0098 6 FORMAT(' ',3X,11Fl1.3) 
0099 WRITEIIO,7)ITER _ 
01001-- . FORMAT(IIII 4X,'ITERATION CONVERGES AFTER',14,'TRIES') 
0101 CALL CREATE(102,'PRSlFILE'. 
0102: 00 100 1=I,H 
.- 0103: - . - W R I T E ( 102) ( P ( I ,J) , J = 1, N ) 
0104: 100 CONTINUE 
0105: STOP 
0106: ENG .------------ ------
33 
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)002 ~ 




DIMENSION T(41,11),TY(41 f ll),TA(41),TS(41) 
DATA M/41/,N/ll/,IN/2/,IO/31 
THIS PROGRAM CALCULATES THE PARTIAL DERIVATIVES OF PI 
vERTICAL HEAT SOURCE 
~007: CALL OPEN(lOl, 'PRSIFllE') 
l1008: DO 200 1=1 ,M 
)009: REAoCIOl)(T(l,J),J=l,N) 




013: 1 FORMAn'I',' THE Pl VAlUES'/II) 
014: WR 1 TE( 10,2) « T( I ,J) ,J=l.N, IZ), l=l,K, IZ) 
015: 2 FORMAT" ·,3X,1Ifll.3) 
1016: C READ IN VERTICAL SOURCE LOCATIONS 
1017:. .. -.- .. ---_. OH=I./flOo. T« /11-1) 
1018: REAo(IN,5)Y51,X51,XS2 
1019: REAo(lN,51Y52,XSA,XSB 
10 2 0:. 5 FOR MAT ( 3 F 5 • 0 ) -. - -- -.- -- - --.., -- - ---
!021: KYS= IfIX(YSI/DH+O.I)+1 
1022: KXSl==IFIX(XSl/DH+O.l)+l 
,023:' -------- KX52 =1 F I X (XS 2/DH+0.1) +1 
!024: LYS= IFIX(YS2/DH+O.l)+1 
1025: LXSl=IFIX{XSA/oH+O.l)+1 
1026:' -..:.--- L X S 2 == I f I X ( X 5 BID H + 0 • 1 ) + 1 
1027: C READ IN TEMPERATURE 0 VALUES 
028: CALL OPEN{ 102, 'TEMOF ILE ') 
029: --------00210 1=1,14 
030: REAO(102)(TY(I,J),J=l,N) 
031: 210 CONTINUE 
032: ------00 20 I=I.t4 
033: TA(I)=TY(I,N) 
034: TB(I>=TYtl,l) 
035: 20--- CON T 1 NUE 
036: C FIND 0(PI1/0Y 
037: DO 50 l=l,H 
038 L --- ----- [.) 0 5 0 J = 1 , N 
039: IF(J.EQ.l)GO TO 51 
040: IF(J.EQ.N)GO TO 52 
041 :. ----------- . I F ( I • G T • K X S 1 • A NO • I • l T • K X 5 2 ) GOT 0 5 3 
042: IF(I.GT.LXSl.AND.I.LT.LXS2)CO TO 54 
043: 56 TY(ItJ)=(T(I,J+l)-T(1,J-l»)/DH~0.5 
044: GO TO 50 
045:. 51 TV( 1"J)=TB( I) 
046: GO TO 50 
047; 52 TY(I,J)=TA(I) 
048: GO TO 50 
D49: 53 IF(J.GT.KYS)GO TO 56 
050: IF(J.EQ.KYS)GO TO 57 
D51: TY(I,J)=O. 
)52: GO TO 50 
D53~ 57 TY(l,J)=l. 
)54: GO TO 50 
34 
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I 
0055: 54 IF(J.GT.lYS)GO TO 56 
1
0056: IF( J.EQ.LYSHiO TO 58 
0057: TY(I,J)=O. 
0058: GO TO 50 
[
0059: 58 TY(I,J)=l.· 
OObO: 50 CONTINUE 
0061: WRITE{IO,~) 
0062: ~ FORMAT('l','THE VALUES OF O(Pl)/OY'///) 
1
0063: CALL CREATECI00,'PIDYFIlE') 
00b4:---- 00 60 1::1,/&\ 
OObS: WRITECI00)(TY(I,J),J=I,N) 
1
00b,6: bO CONTINUE 
00b7: WRITECIO,2)CCTY(I,J',J=1,N,IZ),1=1,H,IZ) 
0068: H1=M-I 
0069: 00 70 J=I, N 
'0070: -----TY(1,J)=O.5 0 C4. oTC2,J)-3.oTCI,J)-T(3,J)/DH 
0071: TY(M,J)=O.5 0 (3. oTCH,J)-4. oT(HI ,J)+T(H-2,J)/DH 
0072: 00 70 1=2,Kl 
~0073:1F(I.GE.KXS1.ANO.I.LE.KXS2)GO TO 71 
,0074: IFlI.GE.lXSI.AND.I .lE.lXS2)GO TO 72 
0075: 73 TYlI,J)=0.5 0 (T(I+l,J)-T(I-l,J»/OH 
0076:·----·-GOT070·- - .----~--
0077: 71 IF(J.GE.KYS)GO ~O 13 
0078: TY'I,J)=O. 
00 7 9 ;. . - .-- GOT 0 70·· 
0080: 72 IF(J.GE.LYS)GO TO 73 
0081: TY(I,J)=O. 
0082: 7 0----- CONTINUE .. _. ____ ~ .. _. ___ ..•. ____ ...• __ ... ~ ..• _. ____ .~. _____ • __ .. _._.0,." 
0083: CAll CREATE(103,'PI0XFiLE') 
0084: 00 80 1=I,H . 
0085~ WRITE(103)(TYCI,J),J=1,N) .-' --, ... _---.. _--- - - .. --- -.- ----,_.-- ... --.... "._--"p -"'" .... 
0086: 80 CONTINUE 
0087: WRITECIO,3) 
0088: 3- FORHAT('l THE VALUES OF O(Pl)/OX'///) 
0089: WRITE(10,2)(CTY(I,J),J=1,N,IZ),I=I,K,IZ) 
0090: CALL EXIT 
0091:- " - ---- END -- - . ___ . ____ ... _____ ..,;; ______ ~ .. :...~ __ . _r ~ ___ .. ' __ .. ~ ____ ._, __ .. '~ ._,. __ .... 










THIS PROGRAM CALCULATES THE ADVECTION TERM IN THE THETA 1 EQUATIO~ 
SEE TEMPERATURE lEROTH ORDER PROGRAM FOR INFORMATION ABOUT 
~ESTINGHOU5E FMS OPEN AND ~REATE ROUTINES 
0006: OIMENSION CO~(41,ll),FA'41tl1),FB(41.11) 
0007: DATA M/41/,N/ll/,INlll,lO/31 . 




I 0012: Nl=N-l 
0013: OH=l./FLOAT(Nl) 




0018: 00 500 I=l,M 
0019: 00 500 J=I,N 
~"'0020: CON( I,J)=fA( 1,J)O:FB( 1,J) 
0021: 500 CONTINUE 
0022: CAll OPEN (lOO, 'P10YfILE') 
.- 002. 3 : REA D ( 1 0 0 ) ( ( F A ( 1 , J, , J = 1 , N ) , I = 1 , M ) 
0024: CALL OPENClOO, 'TODYFILE I} 
002.5: READ( 100) «( FB( 1 ,J) ,J=l,N), l=l,K) 
· .. 0026: ··-·-- .. ··DO 600 l=l,K------ ---- ... --------------------.------.-.-.-----.... -.- ... -------.---.-
002.7: 00 600 J=I,N 
0028: CONCI,J)=CON(I,J)+fA(I,J)O:fB(I,J) 
--0029: 600. CON T 1 NU E· - .. "- .--- ... -- -..... ----- .. --.- - .. c -.,. .. ,----_---_, . .,.. --~--- ~-- ... '-
0030: C~Ll OPEN(lOO,'TE~OFILE') 
0031: REAO(lOO)«FA(I,J),J=l,N),l=l,M) 
--0032: 00 650 1=I,H-·- -- --. - --- --------------........ ----.... - ....... --... ----------.-.---- .. ----
0033: 00 650 J=l,N 
0034: CON(l,J)=CON(I,J)-FA(I,J)O:FB(I,J) 
---0035: .cONCI,J)=CON(I,J)O:OISCrt*OH*OH. 
0036: &50 CONTINUE 
0037: WRITE(10,13) 
--·0038:13 FORMAT('!',' THE CONSTANT fUNCTIONI) 
0039: WRITE(3,502) DISCH 
0040: 502. . FORMAT('O', 'OISCHARGE = ·,Fb.O) 
0041: CAll CR E AT E ( 100, IT EM 1 TERM' ) .-..... -- .--.-- -. -.. -... -.. -----.------- .. -------------.. -.- .. -.... --------.. ---
0042: WRITE(IO,})(CCON(I,J),J=l,N),l=l.H) 
0043: DO 610 l=l,H 
- 0044: .. WRITE(lOO) (CON(l,J),J=I,N) -- _. -. _ .. _---_. - _., ............... : .. _- ... "- .... --. ,. __ ._ ....•.. -.--~ .. - .- .. _ ..• - ...... --
0045: 610 CONTINUE 
0046: STOP 
.. - 0047; - -- .- ..... END - -, - ---- . - ...... ------- .... - ...... -........ -... -... - .......... --- .. --...... -........ -.. _. 
-.--.. -- ... -------------~--.-;..---..;.-. '. __ ._------_._--_._ .. _ .. --. ..- .. - - -- -.-.--.-.- .. - .. - -.-..... -~- .... , .. ~ -.. -.. -.----.-~-.- . _ ....... __ . _._,._._--.._-""; ..... _. .- ..... _.- .'- .. ---'-' 
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THIS PROGRAM ITERATES THE TEMPERATURE FIRST-ORDER SOLUTIO~ 
~ITH VERTICAL HEAT SOURCES 
SEE TE~PERATURE ZEROTH ORDfR PROGRAM FOR INfORMATION ABOUT 


























































- FORKAT('lTHE VERTICAL SOURCE IS AT:','Y (',F5.1,·,',F5.1,'(X(', 
1 f5.1) 
CAll OPEN(103,'TOOVfIlE') 
CALL OPEN(104, 'PRSIFIlE') 
00 20 1=1,H 
REAO(103) (FAH ,J) ,J=l,N) 
REAO(104) (CON(I,J),J=l,N) 
























00 700 1=2,"41 
00 700 J=2,Nl 
- IF(I.GE.KXSl.A~0.I.lE.KXS2~AND.J.lE.KYS)GO TO 18 
IF(I.GE.LXSl.AND.I.lEeLXS2~AND.J.LE.LYS)GO TO 18 
GO TO 19 
FBtI,J)=O.O 
GO TO 700 
TEI~P=FB( 1,J) 
FB ( I ,J ) = f B ( 1+1 , J) .. F B ( 1-1 , J ) + f B ( I ,J+ 1 ) + F B ( I, J-l ) +CO N ( 1 t J ) 
fB(I,J)=0.25*FB(I,J) 























1 TER=I TER+l 
DAB=DMAX/FMAX 
IF(OAB.GT.DERR)GO TO 900 
FORMAT( 'I THE~Tl FUNCTION'I/I) 









END·· ..... -. - - - -
1:----.--'-.------.. ----__ . ____ ..... _ ...... --.- .-.-- . 
--_ .. _-_._ .. __ .... -. -... - --.. - - .. -.-----.-.-.. ----.- .•... 
. . 
1,\ 1 

























































BY W-2S00 fORTRAN IVs REV. b 
DIMENSION T(41.11> ,T1'(41,11) ,TA(tt!) ,TlH4l) 
DATA M/41/,N/ll/,IN/2/,IO/31 
T~IS PROGRAM C~lCULATES THE PARTIAL OERIVATIVES OF Tl 
VERTICAL HEAT SOURCE 
CALL OPEN (100, ITEnlFILE t) 





FORMAT' '1',' THE Tl VALUE.S·III} 
W R IT E ( lOt 2) ( ( T( I , J) , J = 1 ,N, I Z ) , 1=1, H , 1 Z ) 
FORHAT(' ',3X,11Fl1.3) 












1)0 50 l=l,M 
DO 50 J=I,N 
IF(I.GT.KXSl.AND.I.lT.KXS2lGO TO 53 
IFtI.GT.LXS1.AND.I.LT.LXS2)GO TO 54 
IF(J.EO.l)GO TO 51 
IF(J.EQ.N)GO TO 52 
TV( I ,J) =(Tt I ,J+l)-T( 1 ,J-U )/DH~0.5 
GO TO 50 
TV(I,J)=(TtI,J+Il-T(I,J»/DH 
GO TO 50 
TV'I,J)=(T(I,J)-TCl,J-l»/DH 
GO TO 50 
IF(J.GT.KYS)GO TO 56 
IF(J.EQ.KYS)GO TO 51 
TY(ItJ)=O. 
GO TO SO 
IF{J.GT.LYS)GO TO 56 




FORHAT( 'I', 'THE VALUES OF DCT1)/DY'III) 
CAll CREATE(100,'TIDYFILE'l 































F4 R 1 T E ( 10 • Z) ( ( T Y ( I , J) ,J= 1 , N. I Z) , 1=1 , H, I 1. ) 
M1=H-l 
DO 10 J=l,N 
TY(1,J)=0.5~(4.*T(2,J)-3.~T(1,J)-T(3,J)/Drl 
TY(H,J)=O.5~(3.~T(H,J)-4.~T(Ml ,J)+T(M-Z,J»/DH 
00 10 1=2,M1 
IF(I.GT.KXSl.AND.l.lT.KXS2)GO TO 71 
IF(I.GT.lXSl.AND.I.LT.lXS2)GO TO 72 
IF(I.EQ.KXSl.OR.l.EQ.lXSllGO TO 7b 
IF(I.E~.KXS2.0R.l.EQ.LXS2)GO TO 17 
TY(I,J)=0.5~(T'I+1.J)-T(1-1,J)1/OH 
GO TO 70····---······-··· 
IfIJ.GE.KYS)GO TO 73 
TY(I,J)=O. 
GO TO 70 ..... . 
TY(I,Jl=(T(I,J)-T(I-l,J»)/OH 
GO TO 70 
TYll,J)=(Ttl+l,J)-T(I,J»)/DH 
GO TO 10 








. ·.---00 80 l=l,K 
WRITE(lOO)(TY(l,J),J=l,N) 






. W R 1 T E ( 1 0 , 3 ) .. . . . --... 
FORHAT( '1 THE VALUES OF O(Tl)/DX'/II) 
WRITE(lO,Z)«TY(l,J),J=l,N,IZi,I=l,M,I1.) 
·CALl EX IT .... -.... ---.... -. . ..... --.. -_._-_ .. _- ----.---.... -... ---.. -.- -- ... -..... - .-. 
END 
, 
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COMPILED BY d-2500 fORTRAN IV, REV. 6 
000 1; C 
0002: C 

































TrlIS PROG~AM ITERATES THE PRESSURE SECUND ORDER SOlJTION 
NITH A VE~TICAl SJJRCE 
SEe TEMPERATURE ZEROTH ORDER PRO~R~M FOR I~FORHATION ABOuT 
























. FORHAT( '0', 'THE VERTICAL 
1 " (',F5.l) 
SOURCE IS·AT:· Y (·,F5.1,· 
»035: : ... ··-c aMP U T f D ( P 2 ) I D 't AT (X, U = (P 1) x ~ (P 1) X ,- PI ~ l P 1) Y't 
)036: C 
)037: CALL OPEN(105,'PRSIFILE') 
l03 8- -.'.--- £)0- 10 . I = 1, K .... ---- ----.-.. -.-., ... -.. - ... -, ..... -...... -,--,-- ..... ---.---.--.,.---.- ..... " .. ,- ,. 
1039 REAO(105)(TY(I,J),J=l,N) 
)040 T( 1)=TY( I,N) 
1041 10-. CON TIN Uf . ..-----.---".--- --.-.---- .----, .-.-----..-,--.. -.- - -
1042 CALl,. OPEN (100.'plDYFIlE') 
1
043 OJ 40 1=1,14 
044 REAO(lOO)CTY(I,J),J=l,N) 
045. T( I ) =-T( I» ~ ( TY ( I , N) - T y( I , N-l ) ) 10 H 
,046: 40 CONTINUE 
'047: ·-·-----·CALL OPEN(lOO,'PIDXFIlE') 
048: DO 41 1=1," 
049: REAO(100)(TY(I,J),J=1,N) 
050: T(I)=T(I)+TY(I,N)~TY(I,N) 
051: 41 CONTINUE 
052: CALL OPEN(lOQ,'TIDYFILE') 
053 :. .. " ... -- OJ 12 1 = 1 , " 
054: REAO(lOO} (TYCl,J),J=l,N) 
41 
< ,. 
]~ CJMPILEO SY ~~2500 FORTRAN IV, RE~. b 




I 0058: 0059: 60 
0060: C 





- OOb 1: 
I 0068: 0069 : 
- 0010: 








DO 60 l=l,M 






00 20 1 =2,/10\1 
00 20 J=l,~ 
TEHP=P(I,J)-------- ---
IF( I.GE.KXSI.AND.I.lE.KXS2)GO TO 2)1 
1 F , I • G E .l X 5 1 • AN 0 • I • L E .l X 52) GOT 0 202 
GOT021 
IF(J.GT.KYS)GO TO 21 
IF( I.EQ.KXSl)GO TO 22 
IF(I.EQ.KXS2)GO TO 23 
GO TO 28 
IF(J.GT.lYS)GO TO 21 
IF(I.EQ.lXSIlGJ TO 22 
IF(I.EQ.LXS2)GO TO 23 
GO TO 28 I 0018: 
~0019: 22--~lf(J.EQ.KYS)GO TO 24 
If(J.EQ~l)GO TO 31 
PCI,J)=2.*P(I-1,J)+P(I,J+l)+P(1,J-1)-TY(I,J) 
































GO TO 30 
P(I,J)=2.*P(1-l,J)+2.*P(1,J+l)-TY(1,J) 
GO TO 30 
, IF(J.~Q.KYS)GO TO 27 
If(J.EQ.l)GO TO 32 
P(1,J)=2.*P(I+l,J)+P(I,J+1)+P(I,J-l)-TY(I,J) 
GO TO 30 
P(I ,J)=2. eoP(l+1,J)+2. eo P( I,J+1)-TY( I,J) 
GO TO 30 
P(I,J)=2.*P(I+l,J)+2. eo Ptl,J+l)-TY(1,J) 
GO TO 30 
IF(J.NE.KYS'GO TO 20 
P ( 1 t J ) = 2 • *p ( 1 ,J + 1) + P ( I-I , J) + P ( 1+ 1 , J) - T Y ( I, J ) 
GO TO 30 -.--
If(J.EQ.l)GO TO 25 
If(J.EQ.N)GO TO 2& 
P(l,J)=P(I+I,J)+P(l-l,J)+P(I,J-l)+P(I,J+l)-TY(I,J) 
GO TO 30 
P(1,1)=P(I+l,1)+P(I-l,l)+2.*P(I,2)-TY(l,J) 

































DAB V =oMA X/F MAX 
ITER=ITER+l 
IFCoABV.GT.oERR)GO TO 15 
WRITE(lO,5) -
FORMAT( '1',' THE PRESURE FUNCTI!J11 - Pl'lll) 
DO 50 l=ldt 
tHUTE( IO,b} (P( 1 ,J) ,J:l,N) 
FORMATt' ',3X,llFll.3) 
WRITE(IO,7)ITER 
FORMAT(/II! 4X, 'lTERt.bTION CONVEKGES AFTER',14,'TRIES') 
CALL CREATE(102,'PRS2FILE') 





r------------··---·--~.·-- ----~---- ----- --- .. --.- . ------0 -"-----




I 0002:: 0003:: C 
OOOlt:: C 
0005: C 
f 0006:C 0001: 
oooa: 
I 0009: 0010: 200 
- 0011 :: 
I 0012:: 0013: 1 
OOlft: 
0015:: 2 






















BY W-2500 FORTRAN IV, REV. 6 
DIMENSION 1(41,11l ,TY(41,1U ,TAl4l) ,P1(4U 
DATA M/41/,N/ll/,IN/2/,IO/31 
TrllS PROGRAM CALCJLATES THE PARTIAL DERIVATIVES OF P2 
VERTICAL HEAT SOURCE 
CALL OPEN(lOO,·PRS2FILEt) 





fORHATi'l',' THE P2 VALUES'III) 
WRITElIO,2) «TlI,J),J=1,N,IZ),1=1,~,IZ) 
FORHAT(' ·,3X,11Fll.3) 












READ DtPIl/DY t 
VALUES AT (X,li 
D(Pll/DX VALUES 
CALL OPEN( 101, 'PIOXFILE') 
READ PI V~LUES t O(Pl)/OY VALUES 
USED TO COMPUTE THE DERIVATIVE VALUES AT tXtl) 
00 210 1=1,M 
REAO(lOl)(TY(I.J),J=l,N) 
CONTINUE 
DO 20 I=1,M 





-.0041: ---_ .. _- 00 21 l=l,M 
OOlt2: 
0043 :: 




PH 1 )=TY( I,N) 
CONTINUE 
CALL OPEN(l03,'P10YFILE') 
00 22 1:1,1'\ 
. --- .-- -. REA 0 ( 1 0 3 ) ( T Y U , J ) • J = 1 t N , 
22 COtH INUE 








... P 1 Y Y = ( T Y ( I , N ) - T Y ( I ,N -1 ) ) 10 H 
0054: 
TAl I )=TA( I)-PH I)~P1YY 
CONTINUE 
00 50 1=1,1'\ 
DO 50 J= 1.,., 
44 
r--COHPllEO BY W-2500 FORTRAN IV, REV. 6 
0055: IF(J.EQ.l)GO TO 51 
1·.· 0056: IF(J.EQ.N)GO TO 52 0057: IF(I.GT.KXSl.AND.l.lT.KXS2)GO TO 53 
0058: IF(I.GT.lXSl.ANO.I.lT.lXS2)GO TO 54 
10059: 56 TYtI,J)=(Ttl,J+l)-T(l,J-l»/OHO;O.5 
I OObO: GO TO 50 
-. 0061: 51 TY ( I t J) =0. 
1
0062: GO TO SO 
0003 52 TYtI,J)=TA(I) 
0064 GO TO 50 
00b5 53 IFtJ.GT.KYS)GO TO 56 
\ 0066 IF(J.EQ.KYS)GO TO 57 
-00&7 TY(I,J)=O. 
0068 GO TO 50 
10069 57 TY(I,J)=O. 
t0070 G~ TO 50 
0071 54 IF(J.GT.lYS)GO TO 56 
'
0072 IF(J.EQ.lYS1GO TO 58 
0073 TY(I,J)=O. 
0074 . GO TO 50 
0075.58 TY(I,J)=O. 
\007&: 50 - CONTINUE 0077: WRITE(10,4) 
0078 4 FORHAT('l','THE VALUES OF O(P2'/DY'///) 
\gg~~ ~~l~OC~:~ ~~ ( 100, 'P2 DY FILE' ) ... ---. ----.----.--.------.--.------.. -.-- -.... _._-.--_.-.-
0081 WRITE(100)(TY(I,J),J=1,N) 
0082 bO ~ONTINUE 
0083 WRITE(IO,2)«TY(I,J),J=1,N,IZ),1=1.M,IZ) 
0084. Kl=M-l 
0085:-·- DO 70J=l,N- -.. ---- --.--.-----.... ---.----.. -. 
008b: TY(1,J)=0.50;(4.O;T(2,J)-3.O;T(l,J)-T(3,Jl)/D~ 
G087: TY'M,J)=0.5~(3.0T(K,J)-4.O;T(KI ,J)+T(M-2,J)/DH 
0088~OO 70 1=2,Kl 
0089: IF(I.GE.KXSl.AND.I.LE.KXS2)GO TO 71 
~090: IF(I.GE.LXSl.AND.I.LE.lXS2)GO TO 72 
)0911 73 TY(I,J)=0.5 0 (T(I+l,J)-T(I-1,J»/DH 
)092: GO TO 70 
)093: 71 IF(J.GE.KYS1GO TO 73 
)094:-- TY(l.J)=O. 
)095: GO TO 70 
109b: 12 IF(J.GE.LYS)GO TO 73 
)097: TV ( 1 , J) =0. 
)098: 70 CONTINUE 
1099;; CALL CREATE(103,'P2DXFILEI) 
1100: 0080 1=I,M 
II01~ WRITECI03)(TV(I,J),J=l,H) 
102: 80 CONTINUE 
103: WRITE(10,3) 
104: 3 FORHAT"l THE VALUES OF D(P2)/DX'/II) 
105: WRITE(lO,2)CCTV(I,J),J=l,N,IZ),I=l,M,IZ) 
lOo~ CAll EXIT .- - - -.-
107: END 
45 
\ 0001: C '. 0002: C 
0003: C 
I 0004: C 















\ 0021: 0022: 
··0023·: 500 
THIS PROGRAM CALC~LATES THE ADVECTION TERM IN THE THETA 2 EQUATION 
SEE TEMPERATURE ZEROTH ORDER PROGRAM FOR I~FORMATION ABOUT 
WESTINGHOUSE fMS OPEN AND CREATE, RUUTINES 
DIMENSION CON(41,11 ),FA(41,lU ,FtH41,lU 
DATA H/41/,N/ll/,IN/21,IO/31 






CAL LOP E N ( 1 0 0, ' PI 0 )( F I L E·I ) 
CALL OPEN(lOl, tTIOXFILE') 




DO 500 1=1.14 
DO 500 J=l,N 
CO,",,( I,Jl=FAC I,J)lQIFiHI,J) 
CONTINUE 




·0026 : ·---··-00 30 1=1,14 
'1°°21 : 
0028= 




























CONTINuE . __ ... _ .. - ...... ------- .. -- ........... - ............................. -...... - . --~ .-~"-' . . 
DO 35 1=1,H 
DO 35 J=l,N 
FA(I,J)=fACl,J)-fB(I,J) 
CONTINuE 
'" "_ .' .• ' _~ •. _ .... _. ". _ .• _._ •• ' •• - ., ...... ".1 .. _ _ .~. __ .•••. ____ , 
CALL OPEN (l00. 'TI0YFILE') 
.. DO 40 1=1, M·- -- .. 
REAO(100)(FBCI,J).J=1,N) 
CONTINUE· 
. DO 50 1=1,14 




CALL OPEN( 101, tTOOXFILE') 
DO 6'0 1=1, M 
REAO(lOO)(fA(I.J),J=l,N) 
REAO(101)(FB(I,J),J=1,N) 
' .... -_!._--_ ................ . 
C.O~TINUE -_ .... " _ ............. _-... _._-.-.-_ .... -....... - ._, ........... '-"--~"""--'-' ... ----".~ .. -... -- ------ . 
00 70 1=1,,", 
DO 70 J=l,N· 
CON(l,J)=CON(I,J)+FA(I,J)~FB(I,J) 
CONTINUE 
CALL 0 P EN (l 0 0, • P 2 D Y F I L E·) 
CALL OPEN(lOl,'TEMlflLE') 





















1-----00 7 () : 
0077: 
0078: 
I----.{) 0 7 9: 61 0 
0080: 
0081: 
BY W-2500 FORTRAN IV. REV. 6 
REAO(lOO)(FA(l,J},J=l,N) 
RE AD ( IOU ( F B ( 1 PJ I ,J:: 1 11 N ) 
CONTIt-lUE 
00 90 l=l,M 
DO 90 J=I,N 
FA(I,J)=FA(I,J)-fB(I,J) 
CONTINUE 
CALL OPEN(lOO, 'TODVFILE') 
DO 100 I:: 1, M 
READ (100) (fB (I ,J) ,J=l,N} 
CONTINUE 
00 110 1 =1 , M 
. DO 110 J=l,N 
CON ( I , J ) =C 0 N ( 1 ,J ) + fA ( I ,J) a;rF B ( I ,J ) 
CON( I, J) =CON( I , J) I)D I 5CrlI)DH*DH 
CONTINUE 
WRITE(IO,13) 
FuRMAT('l',' THE TEMPERATURE 2 ADVECTION TERM'!!!) 
. WRITE(3,502) DISCH 
FORMAT('O', 'DISCHARGE = ',F6.0) 
CALL CREATE (lOa, 'TEM2TERM') 
WRITE( 10,1) «CON( 1 ,J) ,J=l,N), l::l t M} 
DO 610 1=1, M 







1 0001:: C 
0002:: C 
0003:. C 
l 0004:: C 
l0005: C 
OOOb:: C 


















































T~IS PROG~AM ITERATES THE TEMPERATURE SECOND ORDER SOLUTION 
WITH VERTICAL HEAT SOURCES 
SEE TEMPERATURE ZEROTH ORDER PROGRAM FOR INFORMATIDN A~OUT 
WESTINGHOUSE FMS OPEN AND CREATE ROUTINES 
DIMENSION FA(41~11) ,FB(41,11).CON(!tl,11} 
DIMENSION fl(41),El(41) . 
DIHA FB/451¢0 .. 01 
FORMAT(4X,11Fll.3) 
FORMAT( 3F5.0) 


















• '-T"--'-- - -~"- .--:,. 
FORMAT('lTHE VERTICAL SOURCE IS AT:','Y (',F5.1,',·,F5.1,'(X<t. 
1- f5.1) 
CALL OPEN(103,'TIOYFI~E') 
CALL OPEN( 104, 'PRSIFILE t) 
00 20 1=1"\ 
REA-D(03) 'FA(I,J),J=l,~U 
REAO(104) (CONll,Jl,J=l,N) 
E 1 ( 1 ) =F A ( 1 , N » 
20 f B ( 1 , N)::; - ( FA ( 1 ,tH ¢ CON' I , N ) ) 
CALL OPEN(103,'PIOYFIlE') 









CALL OPEN( 103, 'TOOYFILE-') 






















1 0069 : 






















00 13 1.:1,1~ 
READ(lOO)(CON(I,J),J=l,N) 
IJMA X=O • 
fMAX=O. 
00 700 I =2,Ml 
DO 700 J=2,Nl 
IF(I.GE.KXSl.ANO.I.lE.KXS2.ANO.J.lE.KYS)GO TO 18 
IF(I.GE.lXSl.AND.I.lE.lXS2.ANO.J.lE.LYS)GO TO 18 
GO TO 19 
fB'I ,J) =0.0 











IFtOAB.GT.DERR)GO TO 900 
FORMAT('l THE T2 fUNCTION'///) 
FORMATt'O',' AFTER',I5,' ITERATIONS') 
WRITE(lO,ll) 
WRITE(lO,lZ)lTER 
WRITEOO,l) «FBn ,J) .J=l,~), 1=1,M) 
CALL CREATE(100,'TEM2FIlE') 






------" -- -.- ~ -- .'-,._--_._---- .. "._--- -"--... -- .. '- . __ . __ ._--... " , .. - -.. ---
{ 
49 
1 0001: C 
0002: C 
0003: C 





I 0010:. 0011: 
0012: 
0013: 
I 0014: 0015: 
0016:. C 
I 0017: C·· 
,0018: C 
0019: 















THIS PROGRAM WILL COMPUTE THE SECOND-ORDER STREAM FUNCTION 























--- COMPUTE STREAM FUNCTION 2· (X,l) BOUNDARY CilNOITION < 
ClllOPEN(lOO,'PRSIFILE') 
00 200 1:1,M 
REAO(lOO)(TX(I,J),J=l,N) 
P(I ,N)=TXCI ,N) 
CONTINUE 
CALL OPENfl00,·STREAMfl') 
DO 210 1=I,M 
. REAO(lOO}(TX{I,J),J=l,N) 
P ( 1, N) = P (l , N ) ~ ( T X ( I p f'H ) - T X, I ,N » ) 10 H 
CONTINUE 

















....- CAL LOP E N (l 00, tTl 0 X f I LEI) 
00 12 l=l,K 
REAO(lOO) (TXll,J),J:l,N) 
CONTINUE . ----- .. -
DHAX=O.O 
F\4AX =0.0 
00 20 l=l,H 
DO 20 J=2,Nl 

























































"0 TO 22 
IF(J.GT.KYS)GO TO 22 
GO TO ZO 
IF(J.GT.LYS)GO TO Z2 
GO TO 20 
IF ( I • E Q • 1) GO T 0 ~ 25 
IF( I .EQ.M) GO TO 26 
P(I,J)=P(I+l,J) + P(l-l,J) + PlI,J-I) + P(I,J+l) + DH~DH*TX(ltJ) 
Pll,J)=0.25*P(I,J) 
GO TO 30 
P(l,J)=P(l,J-l) + P(l,J+l) + 2.*P(Z,J) + DH*DH~TX(l,J) 
p(1,J)=P(1,J)*0.25 
GO TO 30 
P(M,J) = P(M,J-l) + P(M,J+l) + 2.*P(Ml,J) + OH~DH*TX(M.J) 
P(M,J) = P(M,J)*0.Z5 
OABV=ABS(P(I,J)-TEHP) 





1 TER::.I TER+l 
IF(DABV.GT.OERR) GO TO 15 
WRITE(IO,S) 
WRITE(lO,8) 
FORMAT('l', • THE STREAM FUNCTION SECOND-ORDER VALUES,) 
fORMAT(' X 10(-2)'//1) 
CAll CREATf{l02,'STREAMFze} 
00 100 1 =1 ,M 
WRITE(lOZ) (P(l,J),J=l,N) 
cONTINUE . 
00 50 1=1,M 
DO 51 J=1,N 
?(I,JJ=P(I,J)*lOO. 
wRITE( 10,0) (P( I,J) ,J=l,N) 
FORMAT(' ',3X,11Fll.3) 
.. ~RITE(IO,7) ITER 
FORHAT(/1114X,'lTERATION 
STOP 
CONVERGES AFTER',I4,' TRIES') 








---COMPILED BY W-2500 FORTRAN IV, REV. 6 PAGEA I 















































)048 : 25 
)049 : 
)050 : 




THIS PROGRAM ITERATES THE STREAM FUNCTION 1 
WITH VERTICAL HEAT SOURCES 
SEE TEMPERATURE ZEROTH ORDER PROGRAM FOR INFORMATION ABOUT 
WESTINGHOUSE FMSOPEN AND CREATE ROUTINES 
-OIMENSION P(41,11), TX«41,ll) 








iT ER =0 
















00 20 I;;l,M 
00 20 J=2,Nl 
~_ ••• __ . __ ,,_, __ ~"_, __ . ___ ",,-_c_"'_' __ • __ • _._, _______ _ 
TEMP=P(I,Jl 
IF(I.GE.KX51.AND.I.lE.KXS2)GO TO 23 
IF(I.GE.LXSl.AND.l.lE.LX521GO TO 2~ 
GO TO 22 
IF(J.GT.KYS)GO TO 22 
GO TO 20 
- IF(J.GT.lYS1GO TO 22 
GO TO 20 
IF(I.EQ.l) GQ TO 25 
IF( I .EQ.H) GO TO 26 
PCl,J)=P(I+l,J) + P(l-l.J) ... P(I,J-l) + P(I,J+l) + DH~OH~TX(I,J) 
PCl,J);;O.25*P(I,J) 
GO TO 30 
P(I,J)=P(l,J-l) ... P(l,J+l) + 2.*P(',J) + OH~OH~TX(ltJ) 
P(ltJ);;P(ltJ)~O.25 
-- GO TO 30 
P(H,J) = P(H,J-l) + PC~,J+l) + 2.*P(tU,J) ... OH*DH*TX(H,J) 











1 0061 : 
0062: 5 














CON TI NUE 
DABV=OMAX/fMAX 
ITER::.ITER+l 
IF'DABV~GT.OERR)GO TO 15 
WRITE(IO,S) 
FORHAH'l THE STREAM FUNCTION l(X 100)'1/1) 
CALL CREATE(102,eSTREA~fl') 
DO 100 I=l,M 
WRITE(1021 (P(I,J).J=l,N) 
CONTINUE 
DO 50 1::.1 p M 
DO 51 J=l,N 
P(!,J}::.P(I,Jl*lOO. 
WRITE(lO,b) (P(! ,J) ,J=l,N) 
fORMAT( I .t3X~11Fl1.3) 
wRITE(IO,7) ITER 
FORMAnlll1 4X,'lTERATION CONVERGES AFTER',I4,t TRIES') 
STOP 
END 




lCOMPILED BY W-2~OU tUKIKAN IV, K~Y. b 
tOO 1: C 
)002; C THIS PROGRAM COMPUTES THE TOTAL 
C FIELO SOLUTION 
C 
DIMENSION T(41,11) .TA(41,11) 

























READ IN TO VALUES 
CALL OPEN(lOO. 'TEMOFILE') 




00 20 l=l,M 
REAO(lOO)(TAlI,J),J=l,N) 
CONTINUE 
DO 30 1=1, .. 
DO 30 J=I,N 
TCl,J)=T(I,J)+ESL*TA(I,JJ 
CONTINUE 
.. READ IN T2 VALUES 
DOlS: CALL OPENlIOO,'TEM2FILE') 
)Olb: 00 40 1=I,H 
)Ol7: REAO(lOO)(TA(I,J),J=l,N) 
)028: 40 CONTINUE 
)029: CALL CREATE(lOO,'TEMPFILE') 
)030: DO 50 I=l,M 
)031: 00 50 J=I,N 
)032: -~- TCI,J)=T(I,J)+ESL2*TAJI,J) 
)033: 50 CONTINUE 
)034: WRITE(IO,110) 
0035: 00 60 1=I,H 
)036: WRITE(IO,lOO)(T(I,J),J=l,N) 
0037: WRITE(lOO)'T(I,J),J=l,N) 
0038: 60 CONTINUE 
0039: 100 FORMATlIX,11fll.4) 












































T~E PROGRAM TO COMPUTE PO + E~Pl +E2~P2 
OIKENSION Pl(41,11),P(41,ll) 








FORMAT' 'II, t THE PRESURE FUNCTION') 
Y:O. 
00 15 J=l,ll 





00 30 1=I,H 




DO 60 l=l,M 
REAO(lOO)(Pl(I,J),J=l,H) 
CONTINUE 
00 70 l=l,M 









.. . - ..... -.-.- ...... . _.-
I 
CON T I NU E - -.---- -'-"-'--'.--- .----.--.-.---.. -.-.----------- .---------.-.-- . ---------------.-.--- --------- --.. - --- ... --... -- ....... -._,-
STOP 
END 
---.---.------- •.•... --.----.--... ---.----.-- .-. __ . _ ... -... "." ..... - ... -.. --..... " 
55 
t COMPILED BY W-2500 fORTRAN IV, REV. 6 
0001: C 
































PROGRAM TO COMPUTE STREAM FUNCTION 
5 = 51 * El + S2 * E2 
DIMENSION S1(41,11),5(41,11) 




DO 10 1=1,41 
REAO(lOO)(Sl(I,J),J=l,N) 
CONTINUE 
FORf>1AT( I '.3X,11Fll.3) 
FORMAT('l',' THE STREAM fUNCTION '/1/) 
00 20 1=I,M 
00 20 J=l,N 
S( I ,J)=O.l*Sl( I,J} 
CONTINUE 
CALL OPEN(100,'STREAMF2') 
00 30 1:1,M 
READ (100) (SI( I .J) ,J=l,N) 
CONTINUE 
00 40 I=l,M 





DO 50 1=1,14 
WRITE( 102) (S( I ,J) ,J=l,N) 
WR 1 T E (3 ,1) ( S ( 1 , J ) , J = 1, N ) 
CONTINUE 
STOP 
END 
56 
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